Dick Laws was the leading marine mammalogist of his generation, developing in the Antarctic new techniques and approaches to population studies, notably with elephant seals and great whales. He later pioneered similar approaches with large mammals, especially elephants, in Africa before returning to the UK as Head of Life Sciences, then Director, of the British Antarctic Survey (BAS). His inspirational and unequivocal leadership saw BAS and its science develop and flourish, both in difficult times and through the major reorganization and expansion to fulfil its enhanced role and responsibilities after the Falklands conflict. He was a staunch supporter and leading advocate of the Antarctic Treaty System and was hugely instrumental in the development of the Convention for the Conservation of Antarctic Seals and of the Convention on the Conservation of Antarctic Marine Living Resources. He led the Scientific Committee on Antarctic Research (eventually as its president) into ground-breaking collaborative programmes of research into the biological oceanography of the Southern Ocean in support of the sustainable management of its living resources. On retirement from BAS he became Master of St Edmund's College, Cambridge, presiding over its transition to an institution fully integrated into the collegiate system of the university. He also served with distinction in Cambridge University affairs generally. An imposing and charismatic individual of total probity and conviction, loyalty and dedication, greatly admired by friends and colleagues, respected by opponents, he leaves an unrivalled legacy to the population ecology and management of large mammals and to the science, conservation and management of the Antarctic.
In September 1939, however, with the onset of World War II, the school was evacuated to the Lake District, initially to Wigton and then to Windermere, until Dick left school in 1944. The four years in Windermere, where he was boarded with a retired couple, Winifred (Freda) and Cuthbert Woods, Dick referred to as 'one of the most formative and idyllic periods of my life' (80)*. Cuthbert Woods had been Professor of Dentistry at Liverpool University, retiring early (in 1929) to look after his wife, who had developed a heart condition. He was exceptionally practical (including as a clockmaker) and an authority on local history. He taught Dick carpentry, woodcarving and photography and encouraged his artistic interests. Freda was the only child of a wealthy Westmorland mill-owner, well educated (The Mount School, York, and a finishing school in Germany), well versed in the arts and humanities and, before her illness, an active walker and climber in the Lake District and Alps. This new home-from-home introduced Dick to an extensive literature and discussion on arts, culture, philosophy and religion as well as to local mountaineers. He recognized that Freda regarded him as 'the son she never had' and that she was 'an equal or greater formative influence, but largely in the opposite direction' to his mother (80). With the Woods' Quaker (especially pacifist) beliefs, this would lead to problems later. Freda also instilled in Dick the precept 'never be satisfied with second best'; he lived up to this throughout his life.
Dick's conventional schooling (integrated with Windermere Grammar School) developed apace. The teaching was stimulating, especially in geography and art; however, such biology as was available was taught by a non-biological mathematician. The pupils taking biology for School Certificate largely taught themselves and made regular visits to the Freshwater Biological Association on Lake Windermere. Here Winifred Frost showed Dick how to determine the age of fish by using annuli in scales and otoliths (a seminal insight that he was to adapt and use later on marine mammals), and Dick met David Le Cren, later a fellow Institute Director under the Natural Environment Research Council (NERC). As Dick noted, this need to undertake independent investigation stood him in good stead in his subsequent education and research. School sport was chiefly rugby football, with Dick as captain from 1941, and to a high standard, taught by the Reverend Canon A. C. de P. Hay, who had played against the legendary Prince Alexander Obolensky while at Cambridge. Dick was active in the Scouts (figure 1), also led by Hay, rising to Troop Leader of some 60 boys (including future Directors of the Royal Botanic Gardens, Kew and the Royal Academy of Music), and revelled in their outdoor pursuits and in the challenge of leadership. Dick became a recognized leader at school, as a prefect taking on the unofficial role of head boy; this even included 'leading a revolt against school meals', the resolution of which taught him some of the realities of the limits to pressure and authority under financial and practical constraints! Dick noted that he had acquired a 'strong-minded approach to authority and readiness to fight for what I felt was right … an attitude that led me into some difficult situations during my career ' (80) .
Throughout these years, during weekends and holidays, Dick's preoccupations were exploring the Lakeland fells, sailing with Cuthbert Woods on Lake Windermere and, with the Woodses, visiting many of the local artists, encouraging Dick in his own sketching. Fell-walking and rock climbing became the main pursuits and Dick regularly climbed with members of the Fell and Rock Climbing Club (a leading body, with Everest climbers in its ranks). He developed an exceptional knowledge of the high fells and routes, climbing pitches to the level of 'very difficult'. (This ability was to lead to an invitation to join an expedition to attempt Masherbrum in the Karakoram Himalayas (at 7821 m the world's 22nd highest mountain and unclimbed until 1960), which he had to decline because he was still at school and lacked funds!) He also kept a nature diary, very proficiently self-illustrated, recording the appearance of new flowers and birds each spring.
The backdrop to this idyll was the progress of the war, largely depressing during 1941-42, somewhat more encouraging thereafter. The war was relatively distant from Dick at Windermere but closer for the rest of the Laws family, especially with Dick's brother, Peter, serving in North Africa for three years. He then joined the D-day invasion and was severely wounded at Caen in June 1944 (an action for which he received the Military Cross), being evacuated to the Royal Derby Infirmary for operations to remove mortar shrapnel. Dick was shocked to see his condition on a visit there the day before his Higher School Certificate (HSC) examinations but, against expectation, Peter made a full recovery.
At HSC, Dick took and passed botany, chemistry, physics and zoology, with distinctions at Scholarship level in botany and zoology. Undecided over a career, he opted to try medicine and sat the scholarship examination at St Catharine's College, Cambridge. For the examination he was able to write an essay on the phytoplankton of Lake Windermere! After an interview with Harry Godwin (FRS 1945 ; later one of Dick's tutors), Sydney Smith (to be Dick's main college tutor) and L. A. Borradaile (of the eponymous standard zoology textbook), he was offered an Open Scholarship (in botany!). This award, together with a State Scholarship and a Northumberland County Major Scholarship, covered most of his university expenses. He then took and passed his 1st MB, a prerequisite for medicine, in June 1944. All these successes were somewhat overshadowed by deteriorating relations between Dick, who wanted to continue to be based at Windermere, and his family, who wished him to return to Whitley Bay, not least to remove him from the influence of pacifists, and who threatened to withdraw all support for his going up to Cambridge. Eventually, a compromise was reached and Dick returned home for a few days before going to Cambridge on 12 October 1944.
Cambridge student years, 1944-47
Dick entered wholeheartedly into Cambridge collegiate life. In his first week he joined the Cambridge University Mountaineering Club, the Cambridge Bird Club, the Cambridge Natural History Society and the Cambridge University Film Club (presumably there was no readily available Art Club!). He also joined his college Rugby Club, playing for the 1st XV throughout his university years; indeed, with John Moss from St John's College, he formed an extramural rugby club, jointly between the two colleges, to play regional rugby clubs, including Army and Navy ones. The undergraduates of the time were a mix of young people straight from school and more mature students, often fresh from extensive wartime service, a combination that Dick found stimulating. His close college friends included Syd Fox (college and university Rugby Captain), Ian Beer (later Head of Harrow School), Arthur Lee (later Director of Lowestoft Fisheries Laboratory), Bill Pile (later, as Sir William, Permanent Secretary at the Home Office) and G. P. Mason (later a High Court judge). His best friend, however, was another zoologist, Arthur Mansfield, whom Dick later introduced to polar regions and marine mammal research and who moved to Canada and became Director of the Arctic Biological Unit (later the Arctic Biological Station) of the Federal Department of Fisheries and Oceans.
As a medical student, Dick was reading for Part I of the Natural Sciences Tripos, taking anatomy, biochemistry and zoology. He did not find the biochemistry very congenial but managed a second-class result. Although the Zoology Department included at least eight staff who were current or future Fellows of the Royal Society (Sir James Gray FRS, Carl Pantin FRS, Vincent Wigglesworth FRS, W. S. Feldberg (FRS 1947) , George Salt (FRS 1956), J. E. Smith (FRS 1958) and F. R. Parrington (FRS 1962)), Dick found the teaching less than inspiring. The main research themes of the department, insect physiology and animal locomotion, also did not greatly stimulate him, as he had realized that his main interest was in vertebrate biology and ecology-whole animals in natural habitats. Only with Hugh Cott (author of the then definitive work on animal camouflage (Cott 1940) , who had researched this in Africa and put theory into practice during the war) and a few others did he feel he had much in common. Nevertheless he enjoyed all the practical classes, including physiology, in which his partner was Micky Steele-Bodger (of later rugby fame), supervisor George Hughes (soon to become Professor of Zoology at Bristol) and demonstrator Anna Bidder (later first President of Lucy Cavendish College, Cambridge).
In anatomy he was paired with Gareth Owen, an Organ Scholar at Downing College, with whom he enjoyed the first-year human anatomy dissections, completing arm, leg and thorax, experience that came in very useful in dissecting seals and whales. However, by the end of the first year he had realized that it was impossible to combine anatomy and zoology satisfactorily, both with heavy loads of practical work. He therefore dropped anatomy (and thereby medicine) in favour of botany, in which he enjoyed the lectures of Paul Richards on tropical forests and Harry Godwin FRS on his pioneering quaternary studies, and the work of David Thoday FRS and David Catcheside (FRS 1951) At this time Dick also became well acquainted with polar studies, attending many talks and events at the UK's leading institution, the Scott Polar Research Institute (SPRI), part of the Cambridge University Department of Geography. In particular he met three of the UK's leading polar scientists: successive SPRI Directors Lancelot Fleming (geologist; later Dean of Trinity Hall, Bishop of Norwich and Dean of Windsor) and Colin Bertram (a member of the British Graham Land Expedition (BGLE; 1934-37), when he studied Antarctic seals) and also Brian Roberts (BGLE ornithologist and Head of the Polar Regions Section at the Colonial Office (49); in a decade or so he was to become one of the main architects of the Antarctic Treaty). All three became good friends and mentors.
Towards the end of his final summer term, Dick began to receive offers of jobs (he was later to say that he had been exceptionally lucky never to have to apply for a job in his life!). One was to join the Fisheries Laboratory at Lowestoft, another (from F. S. Russell FRS) to join the Plymouth Marine Laboratory; the third was an approach from Brian Roberts to study elephant seals in the Antarctic, requiring departure to the Falkland Islands in two months' time. Dick, attracted by the scope for adventure and independence, expressed an interest in this job. After a fairly perfunctory interview (Dick admitted that at the time he had no idea where the Falkland Islands were and had never heard of the organization he was to work for, the Falkland Islands Dependencies Survey (FIDS)), he was offered the post at the salary of £360 per annum, with all housing, food and clothing supplied (Dick was to discover that these extras were less generous than they might have seemed, because he had to build, collect or scrounge a good proportion of them!).
Dick's preparations were assisted by Brian Roberts, Colin Bertram and Leo Harrison Matthews (FRS 1954, who had studied seals and seabirds at South Georgia); it was agreed that Dick should plan to undertake a PhD on his return. In the event, both Bertram and Harrison Matthews were eventually (in 1953, because Dick could not formally register at Cambridge until 1950) to form the examining committee for Dick's PhD on southern elephant seal (Mirounga leonine) reproductive biology (6).
Marine mammal research, 1947-61
In February 1945 the World War II venture to secure the presence of Britain in its Antarctic territorial claim, Operation Tabarin, became FIDS. By the Antarctic season of 1947/48, when Dick joined as its first professional biologist, FIDS was expanding its remit from the narrow objectives of occupancy and reporting meteorological observations to include wider scientific survey including geology, glaciology and biology.
Dick sailed from Tilbury for his first Antarctic expedition on 20 December 1947 on the M/V John Biscoe. This was an old wooden 'boom-defence' vessel (referred to by the First Officer, an Irish peer, as a 'Bessarabian cattle-ship'), with a drunken Master, a partly pressganged crew and expeditioners largely drawn from the armed services, only one with previous Antarctic experience (80): an interesting mix for what was clearly a fascinating and formative voyage (Fuchs 1982) . The expedition leader was the newly appointed Field Commander of FIDS, the geologist and explorer Vivian Fuchs (FRS 1974) , who, on the voyage, appointed Dick as the Base Leader (of a three-man team) and Magistrate at Signy Island, South Orkney Islands, where he worked from February 1948 to February 1950 (figure 2). Dick's two, older, companions were Derek Maling (meteorologist, ex-Royal Air Force) and Ralph Lenton (radio operator, ex-Navy Arctic convoys) (figure 3). They formed an excellent team, combining high professional ability with self-sufficiency and the practical skills necessary to maintain the viability of such a small group for a whole year in the considerable isolation of a small hut (7 m × 4 m) on a tiny island (some 30 km 2 ). Dick's role, as Base Leader, paramedic (by virtue of his medical 'training'!) and lead for a range of scientific projects, was paramount. Although he recollected that 'these two magical years were amongst the most memorable of my life' (80), he also recounts that their life revolved around repairing and enhancing a world comprising four bunks, one table, four chairs, one hip bath, a gramophone and a first-aid kit at indoor temperatures as low as −15 °C, while coping with poor clothing and equipment, inadequate food and unreliable communications (off-air for three months at one stage). On the positive side was the magnificent environment, the largely unstudied wildlife, comprising three breeding species each of seals and penguins, with numerous petrels and other seabirds, plus the opportunity to make two extensive winter (to −40 °C) man-hauled sledging journeys around the South Orkney Islands (enjoined by Fuchs not to be more than six days without radio contact!). Such rigours and opportunities in professional life are hardly conceivable nowadays, though a similar ethos and issues were able to persist in the British Antarctic Survey (BAS) until well into the 1970s. Dick's rapport with Derek Maling (75) was a key element in all their achievements and sustained Dick throughout his second year, for which Lenton was replaced by Charlie Skilling and John Thomas. Dick's main research task was to undertake observations of elephant seals, which had been reported as being present on the South Orkney Islands during an earlier FIDS expedition; he also made new observations on two other seal species and on a variety of penguin and petrel species (indeed, southern giant petrels (Macronectes giganteus) ringed by Dick were the first to reveal the circumpolar migrations of this species). Dick's own reflections on those years based on his diaries show a young scientist eager to distil something useful from a very broad range of possible directions of enquiry, but limited by the difficulties of living and working in Antarctica in those days, and by being so isolated from his scientific mentors. It was at Signy Island where he learned much of his Antarctic and zoological field craft. This experience established the grounding for much more detailed studies of southern elephant seals carried out from 1951 to 1952 in the more hospitable and better-supported setting of South Georgia.
At that time there was a growing need to build knowledge of the life histories of exploited species such as seals and whales. This was driven by a move towards evidencebased management of natural resources and it was underpinned by the developing sciences of ecology and statistical demography. Species such as seals and whales were seen to be increasingly vulnerable to overexploitation. Integrating science into the management of these natural resources in large-scale ecosystems had stimulated the Discovery Investigations (1918-51) of the food resources for whales in the Southern Ocean. The same approach to fisheries management, involving internationally coordinated science, had become the mission of organizations such as the International Council for the Exploration of the Seas. A key feature of this work was documenting the productivity of exploited species to derive a rational level of harvest. Productivity was a joint function of reproduction and growth rates, but to measure these rates there was a need first to establish a robust time base for these changes in the life histories of the exploited species. Scales and otoliths had been used for many years to derive this time base by estimating absolute ages in fish. However, no equivalent ageing methods had been developed for large mammals.
Dick had first explored this topic as an undergraduate when Hans Lissmann (FRS 1954) had asked him to give his first seminar on growth increments in bones and scales. When at Signy, Dick looked for incremental patterns of growth in the teeth of elephant seals (2, 4) as a way of providing the vital information needed about the age of these animals to allow the construction of a life table (16). He would later extend this to other skeletal structures and tissues in large mammals, although with much less precision (14, 25, 28). Dick was breaking new ground by developing methods to study these challenging animals in difficult circumstances and in the face of increasing pressure to harvest Antarctic seals as a resource (1, 3). This would eventually culminate in his editing of a book (published in 1993) Antarctic seals: research methods and techniques (63), with many of his colleagues as co-authors of chapters.
Building the evidence base for the validity of incremental growth in teeth was central to much of Dick's activities in the early 1950s. He first saw a relationship between the sequence of growth layers and the pattern of the annual cycle in southern elephant seals. Four distinct phases in the annual deposition of dentine in canine teeth reflected biannual extremes of fasting and feeding. Each fasting phase corresponded to the periods in the year when elephant seals were ashore either breeding or moulting, and these were separated by feeding phases while the seals were at sea. Dick had found a species with a seasonal cycle that gave sharp contrasts between anabolic (feeding) and catabolic (fasting) states and he was able to conclude that the layers in teeth were indeed representative of the metabolic chronology of the animal.
Added to this, he related the total number of layers to the overall size of animals (2, 5), thus lending weight to the notion that these were structures that provided a time base from which to build a life history of the animal and to derive an estimate of absolute age (19).
However, Dick knew that it was insufficient only to estimate growth and age; there was also a need to define the reproductive rate. He collected ovaries from elephant seals and described the dynamics of the internal ovarian anatomy in relation to both the annual cycle and the life cycle (10). The use of ovarian anatomy as an indicator of reproductive rate and age had already been investigated previously for whales, and Dick amassed much evidence to support its utility; he carried this right through his work on seals (54) In the meantime, Dick was consolidating his scientific research by rejoining FIDS, arriving at South Georgia in March 1951 to become the biologist and leader of the new FIDS contingent at King Edward Point near the whaling station at Grytviken. The work he undertook in just over a year at South Georgia was to define much of his research career. He capitalized on his development of ageing methods in elephant seals and used these to build life tables, then a newly discovered demographic method and very much the forerunner of modern population dynamics modelling. By cleverly balancing the life table using the population age structures and making some educated guesses about some of the demographic variables that he was unable to estimate directly, he came up with a plausible model of the population dynamics of southern elephant seals at South Georgia. He also combined this information with the data he had collected on growth rates to describe the potential harvestable yield.
This was a remarkable achievement considering that he was working mainly in isolation at the time and on a shoestring budget. He had successfully combined various strands of recent knowledge drawn from fisheries science and human demographics and applied these to the management of a large marine mammal. He was able to conclude that sealing activities were overexploiting the stocks and recommended that the quotas be reduced (3). To their credit, the authorities in the Falkland Islands responded immediately to this advice by reducing the quotas and introducing a more evidence-based approach to the spatial management of exploitation. Sealing at South Georgia had always been a subsidiary activity to whaling and it ended at the same time as whaling in 1964, but most indicators showing the response of the elephant seal population over the 10 years after his work suggested that Dick's advice was likely to have been well founded (16). This experience was to establish his views about the potential for the rational harvesting of large mammal populations and it played a strong part in his subsequent experience in Africa. During his time at NIO, Dick's studies of elephant seals were published mainly in three volumes of FIDS Scientific Reports (5, 7, 8), which are beautifully illustrated by his own drawings (figure 4). After a period as a biologist on the whale factory ship F/F Balaena in the 1953/54 Antarctic season, he produced a suite of papers on whale reproductive anatomy and life history (10-13, 17). He also continued his work on ageing, focusing on whales, and he was influential in the development of ageing methods using the waxy ear plugs of baleen whales (9). However, the initiative for this work was passed to others to take forward and Dick was unhappy about how this came about. He saw it as 'two years of work wasted' (80). His experiences at South Georgia had proved to him that, if applied with appropriate rigour and without political interference, science could be a powerful force for good in the management of natural resources. While at NIO he was therefore also concerned with the implications of his work for the management of whale populations (15, 18). He was a member of the IWC's Scientific Committee from 1955 to 1961 and, until 1961, he was also involved in the International Biological Programme (IBP), which followed the International Geophysical Year (IGY, 1957-58). He was appointed as one of two independent members of the Consultative Committee on Grey Seals and Fisheries, later to evolve into the UK Special Committee on Seals, which remains a model structure for providing scientific advice to policy. It was in this connection that he met J. Morton Boyd (later Director for Scotland, Nature Conservancy Council) whom he joined on an expedition to the island of North Rona to study grey seals (Halichoerus grypus) in 1960 (20) . This connection with the British conservation establishment became important to Dick because the Chairman of the Consultative Committee on Grey Seals was E. Barton Worthington, Deputy Director of the Nature Conservancy, who was also a member of the Nuffield Unit of Tropical Animal Ecology Committee (NUTAE) and Director of the IBP. Indeed, Worthington was instrumental in persuading Dick to move to NUTAE in 1961, and both he and Morton Boyd visited Dick while he was working in Africa.
The experiences of working at the tail end of the Discovery Investigations while at NIO, witnessing the success of the IGY and participating in the formative stages of the IBP showed Dick the potential for unlocking answers to big questions in globally relevant biological processes using international collaboration in science. This was to re-emerge later with his involvement in, and leadership of, the Scientific Committee on Antarctic Research (SCAR) and the programmatic research he developed and led when he returned to research in the Antarctic in 1969. However, his experience of the IWC was also, in his view, a signal lesson in how science can be misused and he pointedly never returned to that arena for the remainder of his career.
By 1961 Dick had decided that it was time for a change. The combination of internal politics at NIO and the complex, politically charged international arena of whaling were not to his liking. In the context of whale management he was unable to replicate his success with introducing rational science-based management to the South Georgia sealing industry. With whales there were just too many non-scientific dimensions to the problem for Dick to find this comfortable. Throughout his career he showed a preference for generating the scientific environment in which to operate de novo rather than to arrive late on the scene and be forced into uncomfortable compromises. This principled approach was to serve him well in general throughout his career, but it was to contribute in opposite directions during the next stage of his career in Africa, where he experienced one of his greatest triumphs but also one of his lowest moments.
Africa, 1961-68
In October 1961 Dick resigned from NIO, having accepted the post as Senior Researcher (later first Director) of NUTAE on a five-year contract; he left for Uganda with Maureen and his two young sons in November 1961.
Background
In 1960 three East African countries were on the verge of independence from Britain: Tanganyika (1961), Uganda (1962) and Kenya (1963) . All three had basically similar conservation systems, namely a regular civil service Game Department responsible for wild animals everywhere except National Parks, and a Board of Trustees, putatively independent of government, responsible for National Parks. National Park and Game Wardens were basically estate managers and law enforcers. Their understanding of African ecology was mainly anecdotal and they hoped that, with protection, nature would look after itself. Within a decade of parks being established in Kenya and Uganda, the adverse influences of elephants and hippos on habitats challenged this premise and scientific knowledge became an urgent need.
In 1961, as a step towards meeting this need, NUTAE was formed. Based at Mweya in Uganda's Queen Elizabeth National Park (QENP), funded (with £80 000 to cover 10 years) by the Nuffield Foundation, it was run by a committee from Cambridge and Makerere Universities and the trustees of the Uganda National Parks (UNP). The UK members were eminent scientists: the chairman was Carl Pantin FRS, Professor of Zoology at Cambridge; members included Barton Worthington, Sir Alan Parkes FRS (later chairman), Bill Thorpe FRS, Sir Joseph Hutchinson FRS, Sandy Haddow FRS and Sir Arthur Landsborough Thompson, all of whom visited Dick in Uganda during his directorship. Notable among the Makerere members was Leonard Beadle, the Professor of Zoology, with whom Dick became good friends.
Political independence commenced with optimism. Yet within the next decade revolution had rocked Zanzibar, which merged with Tanganyika to become Tanzania under Julius Nyerere, whose policies destroyed the country's economy. Uganda was to be in thrall to Idi Amin, and Kenya was to become a byword for corrupt governance. No aspect of life, including NUTAE, went uninfluenced by these events. In 1961, however, these scenarios had yet to unfold.
Uganda, 1961-66: hippos and elephants
The scenic grandeur of the Rwenzori Mountains, the Rift Valley and Lake Edward, and the abundance of large mammals, coupled with an equable climate, enthusiastic and friendly partners in the National Park staff (notably Frank Poppleton and Roger Wheater, Chief Wardens of QENP and Murchison Falls National Park (MFNP), respectively), supportive employers and largely carte blanche for research, made the NUTAE's Directorship as near idyllic a situation as Dick could have wished for. This was enhanced by how well his family adapted to QENP (figure 5) and how they could accompany him in much of his field work. His reputation from seal and whale work was such that trustees and National Park staff were honoured that he was among them. Although outwardly self-effacing, deep down this recognition of his prestige meant a great deal to him. For relaxation Dick painted, and in his output of scenic watercolours during his first three years at Mweya one senses overall happiness (figure 6).
From 1957 the UNP trustees, advised by American Fulbright Scholars, had implemented a culling policy to reduce the hippo population in QENP, recognized to be damaging vital habitats (Bere 1959; Petrides & Swank 1965 ). This programme was ongoing when Dick arrived to set up NUTAE, but its scientific output had been limited, with reduction seen as selfjustifying and an end in itself. Dick immediately reviewed the hippo programme in the context of the opportunity to undertake fundamental applied research and also to extend mammalian research in QENP to other key species and habitats. He flew to the UK in May 1962 to put his research plans to the NUTAE Committee, which endorsed them.
The main research theme was large mammal ecology, but research projects included: climatology; soil and vegetation studies (including experimental and community ecology); habitat selection, standing crop biomasses, productivity and ecology of large herbivores (four species were studied in depth and aspects of a further five); population dynamics of large herbivores; small mammal ecology; interaction of large mammals and biting flies; behaviour, nutrition and disease and reproductive physiology. To undertake this research Dick rapidly assembled a team of resident graduate students, whom he supervised, and also drew on the expertise of visiting researchers, from Makerere, from elsewhere in Africa and from Europe and the USA. The main graduate students were Chris Field (Field 1968a (Field , b, 1971 ) on hippo and elephant nutrition, Gerald Clough (Clough 1967) on hippo reproduction, Mike Lock (Lock 1967 (Lock , 1972 ) on vegetation studies, Jeremy Grimsdell (Grimsdell 1968 (Grimsdell , 1973 ) on buffalo (Syncerus caffer) population ecology, and Clive Spinage (Spinage 1968 (Spinage , 1970 ) on waterbuck (Kobus defassa) population ecology. Dick also supervised Murray Watson's PhD on wildebeest (Connochaetus taurinus) population ecology in the Serengeti (Watson 1967 ).
Dick's own research focused mainly on hippo (see, for example, (23, 24, 33, 34)). He reorganized the culling operation to maximize efficiency, to include a comparison of areas with and without culling and to provide samples for research. Thus, shooting hippos while solitary and grazing at night (spreading kills far apart) was changed to culling when in the water in one site. Kills were dragged ashore by tractor and as they were butchered (carcasses being sold to local traders), collecting anatomical data and specimens became easy where previously it had been difficult. He rapidly developed Longhurst's preliminary work on ageing (based on tooth and jaw characteristics) into a comprehensive and authoritative study (34) , enabling hippo demography to be linked to fecundity, food availability and quality, and impact on vegetation and habitats, in a novel and compelling way. In brief, this work, between 1962 and 1966, confirmed that hippo grazing changed grassland from palatable species towards less favoured types and, by limiting what was available for other ungulates, reduced their numbers. Competition and lowered nutrition were reflected in the hippos' own depressed growth and reproduction. With reduced hippo density, palatable grasses returned, other grazers increased numerically, hippo age at first conception fell from age 12 to 10 years, the proportion of pregnant females rose from 6% to 14%, and bare eroded ground decreased in extent. Once again, as with elephant seals, Dick had shown that the management of populations of large animals towards specific objectives was perfectly feasible when based on a scientific understanding of their population dynamics, ecology and behaviour. This work was at the leading edge of its field worldwide and represented novel demonstrations for East African conservation.
The productivity of Dick's team, with hands-on supervision, leadership by example and insistence on the collation and analysis of data in near real-time, ensured that interim results from all the main studies were rapidly available to UNP for management purposes (21, 22). The quality of the research and its relevance to management of species and habitats attracted widespread attention and many visitors. Indeed, within two years, the NUTAE project in Uganda was a 'must see' for those with interests in African ecology, as a model of dynamic, integrated research, with immediate application to environmental and economic issues. Dick's diaries testify that hardly a week passed without scientific friends and colleagues arriving at QENP. Many VIPs with conservation interests also visited, as did regional politicians and even royalty (HRH Princess Margaret and Lord Snowdon visited in March 1965).
The tremendous success of these early years encouraged the authorities to consider addressing issues outside QENP. In 1964 UNP drew Dick's attention to MFNP. Some 14 000 hippos in an 80 km stretch of the Nile between Chobe and the park HQ at Paraa were having the same impact that had featured in QENP. Dick advised reducing numbers by 4000 over two years. Not having the capacity to do this, UNP contracted a company-Game Management (Uganda) Ltd (GMU)-to do it under Dick's scientific supervision. This was the start of a lengthy collaboration with Ian Parker (formerly a Game Warden in Kenya who had set up GMU), which Dick recorded as 'a unique winning formula [bringing the] NUTAE scientists vast amounts of knowledge and practical experience' (80).
MFNP had a greater problem. About 14 000 elephants had been progressively compressed into it over the preceding 40 years, converting rich woodland with patches of rain forest into tall Hyparrhenia and Pennisetum grassland. With the trees went their fauna. Supported by the influential East African Wildlife Society's Scientific & Technical Committee, the UNP trustees agreed that elephant numbers should be reduced, calling on Dick for advice. He recommended contracting GMU to make a trial cull of 200 elephants on the north bank of the Nile in August 1965. If successful it should be followed by a second trial of 200 south of the river in November 1965.
Contrary to prevailing fears, this proved easy, with the key being elephant social structure. Most elephants are in family herds dominated by a matriarch. Disturb such a herd slightly and its members cluster about this leader. Kill the matriarch with a brain shot and the herd is bewildered long enough for two sharpshooters to kill the rest within 60 seconds. Unpleasant work, it was as humane as such endeavours can be, left no survivors and an undisturbed population, which had been one of the trustees' critical demands.
GMU were then contracted in 1965 to take a further 600 elephants in MFNP north, and 1000 in MFNP south. Fortunately GMU's Directors were keen to collect as much data as possible. Hitherto a constraint on elephant researchers had been the animal's sheer size and the difficulty of opening up an elephant carcass. However, once Dick (with his unique experience of the even larger marine mammals) had shown what he wanted, GMU's team collected data for him. The information recorded included various body measurements (29) , body weight, tusk weights and dimensions, stomach fill, and organ weights (including brain, kidneys, heart, lungs, spleen, thyroids, adrenals, mammary glands, ovaries, uterus, conceptus, embryo or fetus, testes, seminal vesicles, prostate, male bulbo-urethral glands and depot fat). Placental scar counts and the distribution of the scars in the uteri were recorded (27). Collections included lower jaws (for age determination), samples from reproductive and endocrine organs for later histological examination, eye lenses and stomach content samples (25, 28, 35, 36) . Sperm samples were examined for motility in the field, and slides were taken and fixed. Veterinarian PhD student Keith McCullagh collected heart weights, aortae, whole blood, blood serum, milk and urine in a study of nutrition and arteriosclerosis (McCullagh 1969a (McCullagh , b, 1970 McCullagh et al. 1969) . In addition to all this, the MFNP vegetation was mapped, and the use of it by elephants was described from photographic transects (33, 35, 39) . In parallel, elephants in the contiguous Budongo Forest were investigated on behalf of the Uganda Forest Department.
The main achievements of the elephant research in MFNP during 1965-70 (continued and completed after Dick left) were to show (i) that from a correlation of elephant density distributions and woodland change based on regular aerial surveys (covering some 250 km 2 ), the patterns of woodland damage were consistent with elephant movements and confined to the core habitat of the elephants and not related to fire damage; (ii) that the pre-eminence of elephants, rather than fire, in promoting and maintaining the change from woodland to grassland was confirmed by long-term elephant exclusion plots; and (iii) that food preferences of elephants promoted the survival of non-commercial tree species-indeed, elephants and commercial forestry operations were generally incompatible. These and other data were used in pioneering economic assessments to estimate that, in 1970, income from tourism in Uganda National Parks generated £1738 per square mile, compared with £422 per square mile from commercial forestry and £383 per square mile from ranching and game-cropping (40, 45, 80) . Relevant management recommendations, including designing sustainable use programmes to benefit local people, were also produced. The synthesis in a later book (45) 
Despite the success of the research programme, Dick was finding it increasingly challenging to maintain and manage all the staff, facilities and relationships involved in keeping the NUTAE field research station in QENP operating to his high standards. Increasing difficulties in obtaining timely and appropriate decisions and backing from both Cambridge and Makerere convinced Dick that it would not be in his best interests to accept a second five-year contract, a decision he reached in March 1966 , before taking study leave in Cambridge, departing from Uganda on 29 May 1966. He resigned officially from NUTAE later that year, having brought immense credit (as references for him by the NUTAE chairman and other committee members would later testify) as its first Director.
Dick's achievement in directing a highly productive research team, in undertaking his own detailed and innovative research and in managing the operations of a complex field station (and its support staff) in a relatively remote part of Uganda was truly formidable. It showcased all his talents and skills: a leader by example; a totally focused and committed researcher in both field and laboratory; an exemplary planner and organizer, including of the logistics necessary to underpin the delivery of research; and a generous and supportive mentor to research students (few of their papers had his name attached, in contrast with common practice nowadays). Although he had shown many of these qualities in his previous work, this was the first time they had really needed all to be used together, because the NUTAE project was his first truly independent command. Ironically, its exceptional success contained the seeds that would both come to limit his work in Africa and propel him to new levels of achievement (but never again the same personal research opportunities) in the Antarctic.
However, Dick still had plans to continue research, especially on elephants, in Africa; since 1965 he had been discussing with the Ford Foundation a major research programme, which he would direct, at sites in each of Uganda, Kenya and Tanzania. To this end, the Director of Kenya National Parks (Perez Olindo) and the Chief Warden of Tsavo National Park East (David Sheldrick) were among a Kenyan group that visited MFNP in April 1966 to see the elephant research and culling in action. In the event, the Government of Kenya would not support a proposal run from outside Kenya; the Ford Foundation project was therefore restricted to Kenya (largely in Tsavo National Park). Dick was invited to direct it, as well as to supervise a trial elephant culling operation, with Wildlife Services Ltd (WLS), in Tsavo National Park East (TNPE) in August 1966 , for which he took leave from NUTAE. In 
Kenya, 1967-68: Tsavo elephants and controversy
The terms of reference of the Tsavo Research Project were (37) as follows:
To carry out research and to advise on the conservation and management of the Tsavo Ecological Unit, as defined by the movements and distribution of the elephant populations using the Tsavo National Park, so as to develop a balanced diversity of its habitats and ecosystems, so far as this may be possible. Current and probable future land-use policy for the surrounding areas should be based on an integrated land-use system with the objective of optimizing economic, cultural, and conservation values.
To address this, Dick's proposal to the Ford Foundation (with the support of the Government of Kenya) was for an interdisciplinary programme, not just for the 20 400 km 2 TNPE but also for the 38 000 km 2 used by Tsavo's elephants. Its scope included studying the past through archaeology, palynology and dendrochronology, mapping vegetation and soils, measuring climate, primary and secondary productivity, and assessing elephant distributions and numbers from the air (26, 37, 41) . In effect Dick was extending what he had already achieved in QENP and MFNP. Furthermore, Dick's proposal was for research and management (culling) of elephants to proceed simultaneously, allowing culling to be modified, or suspended, as results indicated.
At the outset, the prospects for the new programme looked good, at least from Dick's perspective. Thus, (i) the main issue at stake, the problem of the devastation of woodland in TNPE, had been debated internationally since the late 1950s, and influential experts (including Julian (later Sir Julian) Huxley FRS, who had recommended reduction by one-third (2000 elephants), over two years) had generally concluded that culling was essential; (ii) a major obstacle, that of feasibility, without unacceptable cruelty or disturbance, had been removed by the recent efficient culling in Uganda; (iii) this work had been seen in situ by the two most relevant officials, Perez Olindo and David Sheldrick; and (iv) the Elephant Committee of the Government of Kenya had recommended reducing elephant numbers in TNPE, subject to a successful trial cull (of 300 elephants) in Tsavo, which had been undertaken (by Dick, with WLS) in August 1966. However the apparent widespread support for this programme was misleading because, unlike in Uganda, a variety of other considerations, influences and entrenched positions were in play. One major difference involved national policies and practices in relation to National Parks. In Uganda the trustees avoided the news media and ran a cohesive team that did not promote personalities. Policy was unequivocal: parks were to preserve samples of native flora and fauna; thus, reductions in diversity should be reversed and increases encouraged. In Kenya, reflecting a more tense and complex history, trustees (and park and government officials) courted the news media; the resulting diversity of opinions hindered coherent policy-making and encouraged caution in management action. Park wardens were therefore vulnerable to external influence (increasingly centralized in Nairobi) and tended to develop individual styles and practices of largely passive management.
Second, Dick's success with active management (culling) in Uganda had reinvigorated the long-standing argument between those advocating such management when habitats and biodiversity were at stake and those preferring to let events take their natural course (passive management). The prospect of an imminent elephant cull in Kenya was therefore unwelcome in several quarters and these combined to seek to prevent it. Their stance hardened when Dick's initial aerial research surveys indicated that elephant populations in TNPE were much larger than previously estimated (suggesting that a larger number (though not proportion) of elephants might have to be killed, even though his work showed that this could readily be distributed among some 10 elephant management units). When Dick also predicted, through a preliminary analysis of rainfall patterns, that a major drought was likely in a very few years, and that culling was urgently needed to address the threat this would pose to TNPE elephants and habitats, his critics felt compelled to dismiss this (by briefing the media that this was simply the excuse for a massive slaughter of elephants). In the event, Dick was proved correct: during the 1970 drought more than 15 000 elephants (mainly mothers and calves) died of starvation in TNPE, and most of the TNPE vegetation was reduced to dust.
In the debate that unfolded, the opinions of David Sheldrick, the TNPE Chief Warden of long standing, were of decisive importance. He maintained that fire, not elephants, was the primary driver of woodland change, and he even welcomed the increase in grassland, at the expense of woodland, because this would increase numbers of grazing mammals, boosting numbers of and revenue from tourists. He also argued that, after the recent campaign to ban illegal killing (poaching), justifying legal killing to the public would be hard. As he was certainly aware, these views were considerably influential within the Ministry of Tourism and Wildlife; they also generated substantial support from the press, from several wildlife and animal protection organizations and from a variety of well-connected private individuals.
Dick was entirely unprepared for the nature of this controversy and was largely inexperienced in dealing with what amounted to a personalized campaign in the media against the single issue of his proposed cull. He found it hard to understand how the logic and scientific basis of his proposals were not sufficient and compelling, and he lobbied officials hard to maintain his programme (30) (31) (32) . When senior officials in National Parks and in the Ministry combined to preclude Dick from hiring appropriate staff for his project, then found specious grounds to suspend the pilot responsible for the aerial surveys and were then consistently unavailable to talk with Dick, he began to realize that he had lost the political and public support. In effect, this meant that not only the cull but the whole project would be stopped. The final straw was when the media accused Dick of standing to gain financially from the cull (an absurd allegation, easily disproved); his resignation on 1 March 1968 was accepted by the trustees on 9 April 1968. This was a very sad end to his research in Africa, although some of his experiences with governments and officials were to stand him in good stead in the next phases of his career. He did, however, ensure that his views on the management of elephants and their habitats were widely disseminated in scientific and other literature (38, 39, (42) (43) (44) (45) . , and at King Edward Point, South Georgia. Most research tended to be taxonomic or autecological studies of single species, mainly in terrestrial, freshwater and inshore marine habitats. Because many of the project supervisors were widely distributed among universities, researchers tended to be isolated and projects not always coordinated. The formation of the Life Sciences Division was intended to address this. Dick's first task was therefore a comprehensive review of current and prospective biological research by BAS, then involving about 40 scientists and support staff. He undertook much of this review concurrently with visiting Signy Island and South Georgia in 1970/71 (figure 7), accompanied by three of the main contract researchers, Inigo Everson (marine ecologist and physiologist, later to be Scientist-in-Charge on many BAS research cruises), Barry Heywood (freshwater biologist, later BAS Director, 1994-97) and Ron Lewis Smith (botanist, specializing in lower plants). As a result, Dick introduced many new structures and systems, improving employment conditions for contract staff, developing tenure-track middlemanagement scientific posts and modernizing scientific equipment (introducing computers) and approaches. Recognizing that the scope for biological research was unduly constrained by land-based operations from a single station, he started ship-based benthic marine research at Signy, initiated research on Antarctic krill (Euphausia superba) at South Georgia (led by Inigo Everson and later Andrew Clarke, a future Head of Life Sciences at BAS) and appointed the first BAS scientists to work on South Georgia vertebrates (elephant seals and Antarctic fur seals (Arctocephalus gazella) and reindeer (Rangifer tarandus), undertaken by Seamus McCann, Mike Payne and Nigel Leader-Williams, respectively). Dick also started negotiations for purpose-built research accommodation for BAS scientists at Cambridge.
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In 1973 Bunny Fuchs retired (figure 8) and Dick successfully applied for his position, starting as Director in September 1973. He admitted that he would have preferred to remain longer in research and expected the job to be challenging 'as I had no experience of international politics and diplomacy [or of] negotiating with a Research Council' (80). The situation that Dick inherited was not dissimilar to that of the Life Sciences Division in 1969. BAS Head Office was in London, the scientific sections were widely distributed among universities in England and Scotland, several operating with considerable autonomy, others rather isolated, and the whole (about 53 permanent staff and up to 300 other contract, support and administrative staff) was not well coordinated from a scientific perspective. Indeed, the calibre and productivity of BAS science were coming under considerable scrutiny from NERC. On the credit side, Dick had the support of a very strong Head Office team (Bill Sloman as Head, and John Bawden, Eric Salmon and Derek Gipps in charge of finance, personnel and logistics, respectively, the first three of whom stayed with BAS throughout the rest of their careers) and the exceptional efficiency and cost-effectiveness of BAS operations in the Antarctic. There were also numerous excellent scientists scattered among the outlying sections.
Dick immediately accelerated the process, initiated by himself and Fuchs in 1972, to bring together all of BAS on one site. After considerable negotiation, involving contending offers from seven universities, Cambridge was finally selected (on what was to become the Cambridge University West [Science] Site). Dick worked tirelessly to obtain land and planning permission via the university and to persuade NERC to pay for the building, into which BAS eventually moved in April 1976. Meanwhile he embarked on an immediate (1973-74) tour of BAS operations in the field and reorganized the coordination, reporting and supervisory mechanisms for the scientific programmes, encouraging the logistic operations to facilitate the new science programmes (rather than vice versa). The three Science Divisions-Earth, Atmospheric and Life, headed, respectively, by Charles Swithinbank, Roy Piggott and Nigel Bonner (73)-were each divided into sections, all headed by a member of the permanent staff, with the Administration Division retaining the old Head Office team and functions. To focus cost-effective operations and improve facilities, Dick closed two bases supporting solely Earth science programmes and established a new base at Rothera, which was later to be developed into a multidisciplinary hub for BAS operations on the Antarctic continent. To allow Life Sciences (hitherto the smallest and least productive of the three Divisions) to address new topics, a refit of the RRS John Biscoe was performed to enable it to undertake research on offshore marine biology, particularly of the keystone species Antarctic krill around South Georgia, in the context of ocean dynamics, productivity and food webs. This new Offshore Biology Programme, in which Dick had a close personal interest, was led by Barry Heywood in conjunction with Inigo Everson and Martin White, and new permanent staff were recruited, including John Croxall (FRS 2005) , to establish integrated research on seals and seabirds (mainly at Bird Island, South Georgia), which would link to this programme. All this development could not be resourced solely by streamlining existing operations, and it needed a considerable injection of new funds. NERC was initially supportive, recognizing that the scientific output of BAS was being transformed and that the UK was becoming one of the world leaders in many disciplines of Antarctic science and was forging powerful links with other leading programmes, such as those of Australia, Germany and the USA. However, by the early 1980s, the UK science budget was becoming very constrained, compounded by massive increases in the price of fuel, the latter with serious implications for BAS, for which fundamental economies in fuel for the ships and aircraft needed for the basic logistic operation were very difficult to achieve. From the NERC perspective, however, the cost of BAS to NERC, in comparison with its other institutes, was very high. Also, from the perspective of these institutes and many of the senior members of universities on the NERC Council, BAS was something of a luxury, compared with the institutes working primarily in the UK, with which many universities had close collaborations. Relations between BAS and NERC became very strained and despite Dick's tenacious efforts to retain the momentum of his changes at BAS, he was obliged to reduce staff by about 15% and the closure of some bases was becoming inevitable.
At this juncture, however, events in the South Atlantic took centre stage in UK and world attention, ultimately considerably to the benefit of BAS. Dick was himself on RRS Bransfield, returning from the Antarctic in March 1982, when the precursor events to the Argentine invasion of the Falkland Islands were unfolding. The conflict was effectively started at South Georgia, with the connivance of the Argentine government in a Buenos Aires-based entrepreneur, Constantino Davidoff, obtaining a contract and licence from the Falkland Islands government to remove scrap metal from South Georgia whaling stations. On 19 March, BAS staff (who had travelled overland from King Edward Point and represented the island's Magistrate and Administrator, the BAS Base Commander, Steve Martin) observed that Davidoff's team had arrived at Leith Harbour, South Georgia, on the Argentine naval auxiliary Bahia Buen Suceso, had disregarded the required immigration and inspection formalities and had hoisted an Argentine flag. BAS notified the Governor of the Falkland Islands and the UK government and on 23 March the latter lodged an official protest with the Argentine government. On 24 March the Antarctic patrol vessel HMS Endurance disembarked a small party of 22 Royal Marines (from the Falkland Islands) at King Edward Point, and the Argentine naval supply vessel Bahia Paraiso landed a detachment of special forces with six months' supplies at Leith. Dick returned to the UK via Chile on 27 March and continued to coordinate the provision of on-ground intelligence to the Foreign Office. On 2 April Argentine forces invaded the Falkland Islands and on 3 April the frigate Guerrico and the Bahia Paraiso, with two armed helicopters and the special forces from Leith, approached King Edward Point. After stiff resistance, destroying one helicopter and disabling the other and partly disabling the frigate, the commencement of shelling compelled the marines to surrender. They and the 13 BAS civilians were removed to Argentina but the latter's whereabouts were not established for several weeks, a very anxious time for Dick and their families, until the BAS civilians were released to Uruguay on 20 April and repatriated to the UK (Headland 1984) . Five field parties (with 15 civilians-13 BAS staff and two female film-makers) remained at large on South Georgia throughout, communicating intelligence to the UK via BAS (and HMS Endurance, which remained on station).
On 7 April the UK government, as part of the despatch of the British Task Force to the South Atlantic, mounted Operation Paraquat to retake South Georgia. BAS was considerably involved in briefing the SAS and SBS ground troops and trying to advise on the reality of winter conditions at South Georgia. Argentina reinforced South Georgia with the submarine Santa Fe but on 25 April HMS Antrim, HMS Brilliant and HMS Plymouth disabled the Santa Fe and retook South Georgia, which then became an important forward station for Task Force supplies en route to the retaking of the Falkland Islands, which was completed on 14 June 1982. Recognizing the contribution of BAS and its Director to the conflict, Dick was appointed CBE in 1983.
After the Falklands conflict, Cabinet decided to enhance the UK's civilian presence and activities in South Georgia (which, with the South Sandwich Islands, became a UK Overseas Territory separate from the Falkland Islands) and the British Antarctic Territory. Dick, with support from the Chairman of NERC (Sir Hermann Bondi FRS) and John Heap, the Head of Polar Regions Section, Foreign and Commonwealth Office (FCO), proposed a new budget for BAS to allow improved logistics and expanded research. The government approved an increase of £5 million in the BAS budget from 1983 onwards. However, continuing financial difficulties within NERC, and changes in the chairman and senior staff, led NERC to try to redirect the new money for BAS, either to the NERC logistics pool, within which BAS ships and aircraft would be included, or by obliging BAS to fund future capital costs of new ships and aircraft out of its new budget. In Dick's view, either scenario would have caused BAS to fail to deliver the expanded programme required by the government. An acrimonious debate ensued and Dick felt obliged to work with the FCO to lobby for the situation to be resolved at a higher level. These concerns reached the Prime Minister, Margaret (later Lady) Thatcher (FRS 1983), who established a Cabinet Office Committee, chaired by Sir Christopher Mallaby, to take evidence, especially from the Department of Education and Science (DES, representing NERC) and the FCO (which was briefed by Dick, even though he was a NERC employee!). Two years later, one month before Dick retired from BAS, Cabinet ruled that a BAS recurrent budget of £12.7 million should be 'ring-fenced' and that the government (namely the DES) would fund a new hard airstrip and facilities at Rothera (£6 million), the acquisition of more small and one larger aircraft (£9.5 million), the replacement of the RRS John Biscoe by a larger multi-purpose vessel equipped for oceanographic and geophysical research (final cost £43 million), the replacement of Halley station by a series of jackable platforms that could be kept on the surface of the ice shelf (£11.5 million) and a large extension to the Cambridge HQ building to accommodate all the new staff (£7.5 million).
This represented an exceptional outcome for BAS and a very challenging one for NERC. Dick should not have been surprised that, unlike almost all directors of NERC institutes at the time, he was not recommended by the DES for a valedictory knighthood on retirement! These events soured relations between NERC and BAS for many years and may even have contributed to the attempt by NERC, 25 years later, to amalgamate BAS with the National Oceanographic Centre, defeated by a strong campaign by past and current BAS staff, the FCO and parliamentarians.
Almost the last event of Dick's directorship was a comprehensive review of the institute by a visiting group appointed by NERC. Their report recorded (80) that they were impressed by the commitment and enthusiasm of the BAS staff, the quality of the science, and the effectiveness of the logistic support operation. BAS has attained a justifiably high international reputation both for its science and its expertise in Antarctic operations and is second to none in giving value for money. Kenneth Baker, the Cabinet Minister for Education and Science, said that BAS was ' a jewel in the crown of British science'. These are fitting epitaphs for Dick's career at BAS, whence he retired on 20 April 1987 (figures 9 and 10).
Antarctic science: 1969 onwards
Throughout the foregoing years Dick had tried to maintain some personal research, to stimulate new international collaborative programmes of Antarctic research and to contribute to the creation of international agreements that would conserve the resources and wildlife of the Antarctic and enhance its reputation as a continent for science.
Dick now had limited time for research and he concentrated mainly on crabeater seals (Lobodon carcinophagus). As the most abundant of the world's seals (perhaps 15 million in number), distributed throughout 22 million square kilometres of the Antarctic pack ice zone and consuming about 100 million tonnes of krill annually, the species has an important role in the dynamics of Antarctic marine systems. Dick amassed material for study mainly through tooth and tissue samples of the seals killed to provide food for the BAS sledge dogs (until 1994). Supplemented by samples from collaborating colleagues, this provided the basis for several publications (for example (47, 53, 54, 60) ), although analysis of some material was not completed until after Dick's final retirement (77-79). This work remains a substantial foundation of our knowledge on the population dynamics and ecosystem role of crabeater seals. However, for Dick, the research highlight was participation in a seal research cruise to the Antarctic Peninsula in October and November 1977, on the R/V Hero, funded by the US National Science Foundation's Department of Polar Programs and organized by Don Siniff (Professor in the College of Biological Sciences at the University of Minnesota and the leading US scientist on Antarctic seals). The main researchers, in addition to Don and Dick, were Ian Stirling (Canadian Wildlife Service) and Torger Oritsland (Institute of Marine Research, Bergen, Norway), plus two of Don's graduate students, Doug DeMaster and John Bengtson (both to become directors of the US Marine Mammal Laboratory). This cruise pioneered accessing crabeater seal breeding groups on ice floes (a challenging pastime!) and the use of sedatives to measure and sample these seals. Translocation experiments provided information on mating systems, and the team made the first direct observations of the predation of young crabeater seals by leopard seals (48) . Don Siniff recollects:
Dick was a major contributor to the science of our cruise, as his depth of Antarctic experiences was very quickly appreciated. He was always eager to help whatever the task. The picture of Dick pulling a sled containing a female crabeater seal with her pup is a recollection that I will not forget. His contributions went beyond his scientific insights as we worked, and was of immense importance to the education of Doug and John, as their interactions with Dick, Ian Stirling and Torger Oritsland, far beyond anything that would have been possible during a normal degree program, were significant contributors to their professional development and later leadership roles. Our social times together were few until our final evening before we left to cross the Drake Passage, which was memorable indeed. In the transit, encountering the usual rough conditions, and given that the Hero was a 42-metre wooden hulled ship, it was easy to see Dick's comfort in rough seas, as he sat in the galley, reading, while the rest of us tried to stay alive reclining in our bunks. This trip was indeed the most memorable of my career, and I admit I have had many, but none have measured up to the crew we pulled together this time.
Otherwise, Dick's science increasingly comprised review articles for symposia, mainly on the role of seals and other vertebrates in Antarctic marine systems (for example (47, 51, 54) (53), and jointly convened two Royal Society Discussion Meetings (46, 62) . In retirement from BAS he found time to write a book to accompany the Anglia TV series 'Antarctica, the last frontier' (58), many chapters for the long-awaited handbook on seal research methods and techniques (64-69), numerous assessments of the future for Antarctic science and policy (for example (55, 56, 59, 72) ) and, probably most satisfying of all, a monograph on elephant seals (70) , with Burney Le Boeuf, the lead researcher on the only other (Northern Hemisphere) species.
Antarctic science within the Antarctic Treaty system
The Antarctic Treaty was signed on 1 December 1959 (coming into force on 23 June 1961) as a result of protracted negotiations, led by the USA, to set aside territorial claims to the continent in favour of international collaboration through science. The northern boundary of the region was fixed at 60° S. In parallel, arising from the recommendations of the highly successful IGY in 1957/58, ICSU (now the International Science Council) established SCAR in 1958 to initiate, promote and coordinate scientific activities in the Antarctic. The geographical area for SCAR extended well north of the treaty area, to the Antarctic Convergence (now the Antarctic Polar Front) and associated subantarctic islands. All nations undertaking research in this area were eligible for membership of SCAR, enabling them to participate in the biennial meeting of national delegates, elect the members of the SCAR Executive and send representatives to the permanent discipline-based Working Groups. Multidisciplinary programmes were typically managed by Groups of Specialists. Dick attended every delegates' meeting from 1972 to 1998, serving variously as a UK delegate, member or chairman of three Working Groups, member or convenor of two Groups of Specialists, and, finally, President of SCAR from 1990 to 1994. BAS and UK science was very actively represented throughout SCAR, especially because Dick complemented his own leading role by ensuring that the very best UK polar scientists were on (and often in charge of) all the relevant groups planning and executing the research programmes.
The main achievements of Dick's association with SCAR arose from his pivotal role (notably chairing the ad hoc scientific committees that drafted the crucial conservation principles and measures) in creating the Convention for the Conservation of Antarctic Seals (CCAS) and the Convention on the Conservation of Antarctic Marine Living Resources (CCAMLR), as well as the SCAR programme, Biological Investigations of Marine Antarctic Systems and Stocks (BIOMASS), designed to provide scientific data to support the work of the latter. All three of these initiatives arose out of concern in the early 1970s over the complete lack of regulation of exploitation of the marine resources of the seas surrounding the Antarctic continent, in the light of ongoing and projected harvesting (for example of fish, krill and seals) and mindful of the fate of the great whales through earlier unregulated overexploitation. Thus, whereas the Antarctic Treaty had by 1964 developed the Agreed Measures for the Conservation of Antarctic Fauna and Flora, these measures applied only to the terrestrial systems of Antarctica because the treaty reserved the rights of states to the surrounding high seas. Stimulated by proposals from the Soviet Union to harvest crabeater seals, CCAS was signed in 1972 (and came into force in 1978). It prescribed precautionary management of seal harvesting, including fully protected species (Ross seal (Ommatophoca rossii) and fur seals (Arctocephalus spp.)) and areas and compulsory rotation of harvesting among those areas in which exploitation was permitted; it also specified strict catch limits. It is not hard to see the influence of Dick's earlier experiences with managing elephant seal harvesting at South Georgia in the principles and practices adopted by CCAS. One can also see Dick's hand in CCAS's requiring SCAR to provide independent international scientific advice. To do this SCAR established in 1972 the Group of Specialists on Seals, with Dick as its chair, a role he retained until 1988, when he handed over to Don Siniff. This group was very active throughout, especially in developing collaborative projects as well as advising national research programmes; however, it never needed to discharge its original responsibility because no proposals to harvest seals were ever received by CCAS! Even at this stage, Dick was already envisaging an international agreement with a much broader scope than CCAS and with a commensurately greater need for scientific advice, to regulate all forms of exploitation of Antarctic marine living resources. As discussion about this developed through the 1970s, Dick was influential in helping persuade SCAR to establish, in 1975, a Group of Specialists on Living Resources of the Southern Ocean (GoSLRSO), to organize and coordinate the collection of data relevant to understanding the dynamics of the Southern Ocean ecosystem, especially in relation to exploitable species and stocks. GoSLRSO, of which Dick was a founder member, arranged an international meeting at Woods Hole, USA, in 1976 at which the framework for a decade-long multinational and interdisciplinary programme of marine research was developed: BIOMASS. The ICSU co-sponsors of BIOMASS were SCAR and the Scientific Committee on Oceanographic Research, and it was coordinated by Professor S. Z. El-Sayed and a tiny secretariat at Texas A&M University, College Station, Texas (with the BIOMASS Data Centre hosted by BAS) under the direction of GoSLRSO until 1983 and thereafter a five-man BIOMASS Executive (of which Dick was a member). The programme, arguably the most ambitious ever attempted in the Southern Ocean (especially during the two years devoted to multi-ship large-scale surveys and experiments) lasted for 15 years, being summarized and reviewed at a final colloquium in 1991 (61, 71) (El-Sayed 1994).
In addition to its massive achievements in quantitative understanding of the dynamics of Antarctic marine systems, especially those linked to Antarctic krill, the highlights of the BIOMASS programme included (i) forming a milestone in the development of international cooperation in Southern Ocean marine research, including training and capacity development for scientists and programmes from many countries; (ii) establishing an international Antarctic marine science community, providing the basis for a suite of new programmes, including the science underpinning CCAMLR; (iii) generating immense scientific (and political) interest in the region, enabling the rapid and effective establishment and diversification of new research programmes; and (iv) establishing an interactive open-access data repository, a forerunner of many future regional and global collaborations.
Simultaneously with this burgeoning scientific research, from 1977 the Antarctic Treaty Consultative Parties started to negotiate CCAMLR, which was signed in 1980 and came into force in 1982. The UK, led by John Heap (Head of the Polar Regions Section at the FCO, with a PhD on Antarctic sea ice and later Director of SPRI from 1992 to 1997), with Dick as his chief scientific advisor, was hugely influential in securing agreement on the key principle, the requirement to balance the needs of sustainable harvesting with adequate protection for non-target (dependent and related) species potentially affected by harvesting. Indeed, the fundamental principles of CCAMLR and their implementation foreshadowed by more than a decade the widespread adoption of the precautionary principle and the need for ecosystembased approaches to the management of marine systems (Croxall & Nicol 2004) . Although it took CCAMLR a few years to close down unsustainable fisheries, it rapidly developed innovative and precautionary approaches to the management of fisheries for toothfish (Dissostichus spp.) and Antarctic krill, which endure to this day. CCAMLR was also at the forefront of management of bycatch of non-target species, especially albatrosses. Although Dick played no part in these later developments, he strongly encouraged BAS scientists to take influential roles in the CCAMLR Scientific Committee and its Working Groups, and the success of CCAMLR owes much to his initial vision, scientific experience and authority. Dick was inaugurated as the 11th Master (and the first not to be in Holy Orders) on 10 October 1985. However, because he was to continue as Director of BAS until April 1987, a critical time involving a major visiting group inspecting the organization, NERC requested that he not take up his duties fully until 1 April 1986. The Association (the then governing body) of St Edmund's House agreed to this request, and the Vice-Master (the Revd Dr Geoffrey Cook) oversaw the day-to-day business of the college until then.
A snapshot of Dick's aspirations for his Mastership may be found in his first 'Master's letter' (57). He referred to the agreed intention to seek full collegiate status within the University of Cambridge and pointed out that such an objective necessitated the college's being able to demonstrate a wide range of scholarship, a larger membership, and buildings and fabric suitable to a college within the University of Cambridge. Dick noted, 'St Edmund's is extremely fortunate in having plenty of land for building extra accommodation' and continued, 'We intend to capitalize this asset by building for the needs of our students and Fellows.' In this letter he also referred to the decision to change the name of St Edmund's from 'House' to 'College'. There was a concern that potential students with little knowledge of Cambridge would almost certainly read some reduced status into 'House'. He spearheaded the approach to the University Registry, and the name change came into force on 6 October 1986. Dick concluded his letter with I am left at the end of my first year as Master with three main impressions: firstly, I enjoy my involvement in the College; secondly, the College is fortunate in the dedication of its Fellows, membership and staff; and, thirdly it has a bright future as we move into the centennial decade.
On taking over his full time duties as Master, an obituary (Anon. 2014) records 'From the start he took a characteristically firm hold on college affairs'; this was particularly evident in the case of one College Officer whose performance had been brought to Dick's attention as allegedly being unsatisfactory. The Officer in question refused to accept Dick's authority as Master and argued that he was responsible to the Association and in this view was supported by a handful of fellows. A period of protracted negotiations involving lawyers and an attempt to involve the Visitor, Cardinal Basil Hume, ensued. In the end the Association voted not to reappoint this College Officer, and four of the fellows supporting him resigned. Clearly this whole episode put a lot of personal pressure on Dick and indeed also on his wife, Maureen. However, he received considerable support from senior academics in the university. One Head of House wrote to him, 'I am sorry you are having to cope with sedition. Resigning dons are far less trouble than non-resigners.' A final attempt by two fellows to involve the Visitor was resolved by mediation within the college. With this period behind him, Dick was able to concentrate his energies on achieving the aspirations set out in his first 'Master's letter'.
During his Mastership, Dick welcomed the establishment of a College Development Committee and strongly championed its work. He saw new kitchens added to the north end of an extended hall with 18 new sets of rooms above. The area vacated by the old kitchens was converted into a new Senior Combination Room, a new small dining room (the Huddleston Room) and additional office space. At the time that this development was coming to completion, Dick negotiated an academic exchange agreement with the Teikyo Foundation of Japan, which resulted in the benefaction that built the college tower. The tower includes the highest seminar room in Cambridge, with a wonderful panoramic view across the city, together with additional student and guest accommodation. A new Master's study was included over the main entrance at the base of the tower.
Dick himself observed that his 'connections with the University had been slight since my graduate student days in the 1950s' (80), although he noted that his old college, St Catharine's, had in 1982 elected him to an Honorary Fellowship, of which he was justifiably proud. In the negotiations that led to the move of BAS to university land on the west of Cambridge he had been greatly helped by the then Secretary General of the Faculties. Despite these limited interactions, the university was quick to recognize the great administrative experience In addition to his work for the university, before becoming Master, Dick had been pressed by Lord Solly Zuckerman FRS to become Secretary (effectively Chief Executive) of the Zoological Society of London, on whose Council Dick had served since 1982. He was Secretary from 1984 to 1988, helping revitalize the operations and focus of the Society's zoological collections (the Zoo) at Regent's Park and Whipsnade and greatly enhancing the development of conservation science in the Institute of Zoology, the research wing of the Society. However, the Zoo itself was in perpetual financial difficulty, which overshadowed Dick's term because this was only largely alleviated, through much fundraising and political lobbying (to achieve a government grant of £10 million), at the end of his tenure (when he declined to stand for its presidency).
Under the then existing rules of governance of St Edmund's, a Master approaching the retiring age of 67 years could be re-elected for another three years. At a meeting of the Association held on 9 March 1992 the resolution that Dr Laws be re-appointed from '1st October 1993 to the end of the academical year in which he will attain the age of seventy years' was passed unanimously, allowing Dick to be in post for the college's Centennial in 1996. Importantly, it was also a testament to the high esteem in which he was held by the Fellowship. At the same meeting a letter of January 1992 was received from Green College, Oxford, agreeing to twin with St Edmund's. Happily the then Warden of Green College was Sir Crispin Tickell, who had been Permanent Representative of the UK to the United Nations during the Falklands crisis and had interacted closely with Dick at that time.
In the years preceding the College's Centenary, the Association set up the 1996 Charter Committee, under Dick's chairmanship, with the task of planning the celebrations for the Centenary Year and drawing up new Statutes and Ordinances in anticipation of St Edmund's being given leave to apply for a Royal Charter. In his 'Master's letter' of 1994-95 (74) Dick reported, 'In May I applied to the University for full College status and permission to petition Her Majesty the Queen in Council for a Royal Charter.' What this statement does not reveal is the immense amount of work that Dick and his secretary, Mrs Pam Hayes, undertook in producing the numerous drafts and redrafts of the relevant documents. The University Council set up a committee to advise on the college's application. This body studied closely the draft Statutes and Ordinances and it was Dick's attention to detail that smoothed the whole process. The Committee's deliberations were completed in the Lent Term 1996, and a Grace recommending full Collegiate status was approved on 22 March 1996.
Although Dick was able to welcome the Chancellor of the University, HRH Prince Philip, Duke of Edinburgh and one of the college's Honorary Fellows, to the Centennial Celebration Dinner in College on 25 June 1996, hope that the grant of the Charter would happen in that year was fast disappearing. It fell to Dick's successor, Sir Brian Heap FRS, to take up the enterprise. He found that the Charter was being delayed in the Charity Commissioners' office because of the need to achieve consistency in wording. A modified form of wording was quickly proposed by the college and accepted by the Charity Commissioners and the process brought to a happy conclusion by the Privy Council office. On 22 April 1998, Her Majesty The Queen held a Privy Council at Windsor Castle at which she graciously approved the granting of a Royal Charter to St Edmund's; the Charter was sealed on 6 July 1998. Dick's part in the process of petitioning for the Charter is officially recorded in the preamble to the college's Royal Charter.
When Dick Laws retired on 30 September 1996 he left a college with more than three times the number of students that had been present when he took up office and with scope to take more as the accommodation and facilities increased. There is no doubt that his personal aspirations to bring St Edmund's out of the backwaters and into the mainstream of the University of Cambridge had been achieved. Earlier in his final year the Fellows had, on 4 March 1996, pre-elected him to an Honorary Fellowship to commence on 1 October 1996, in recognition of his service to St Edmund's. In addition the college commissioned Anthony Oakshett to paint Dick's portrait (figure 11). A formal oil on canvas work of Dick sitting in his study now hangs in the college's dining hall. It is a nice touch that the artist included in the portrait one of Dick's watercolours of Antarctica on the wall of his study, a reminder that Dick himself was a very accomplished artist. 
Conclusion
Even by the standards of eminent scientists, Dick's career and achievements were exceptional, reflecting his wide range of skills and abilities. As a research scientist he developed-and extensively applied-new methods to study the behaviour, reproductive physiology and ecology of the world's largest mammals. He also used this research to pioneer scientific approaches to the management of wild populations of these animals and their ecosystems. Most of this work remains highly relevant, as well as fundamental, today. As a leader he was successful at many scales and situations: with small groups in the harshest of conditions in Antarctica; developing arguably the most cost-effective of studies of African mammals; taking BAS to new levels of excellence and influence (in science, logistics and policy); and equipping St Edmund's College with a vast range of new facilities and staff and piloting it to full collegiate status.
Dick recognized several elements of good fortune that underpinned and enabled his success: first, the unstinting support of his wife, Maureen, who coped with family and fortunes through Dick's long absences on fieldwork and polar business and through a lifetime of challenges, sometimes linked to his uncompromising standards; second, the exigencies of his upbringing, which enabled him to revel in self-reliance, to love the outdoors and nature, to appreciate (and practise) art and to strive for the highest ethical and practical standards; and third, equipped with these skills and interests, to find the perfect time and place to use and develop them, right at the start of the explosion of scientific research in Antarctica and under initially exceptionally favourable circumstances in Africa. Dick was well aware that never again would circumstances allow a single scientist to perform, relatively unconstrained, such pioneering research on the world's largest marine (seals and whales) and terrestrial (hippos and elephants) mammals.
In person, Dick could be a formidable colleague, let alone adversary, with the highest of standards and expectations, the appearance of complete conviction and a steely determination to succeed. These traits, as Dick knew, were not always conducive to resolving issues where politics and compromise were of the essence. Not infrequently this brought him into confrontation with establishment and authority and limited what he could achieve (and sometimes his employment as well!). Nevertheless, neither BAS, nor polar science and management, nor St Edmund's College would be what they are today without Dick's inspirational leadership.
In private, however, Dick was a modest and reticent person, well able to enjoy and enhance the company of others, especially those with polar or African backgrounds. Despite the failing health of his last years, he retained an active interest in St Edmund's College, polar affairs and BAS, and invariably attended the annual lecture and presentation of the Laws Prize (for outstanding BAS scientists under 35 years of age), established to commemorate his retirement. Overall he leaves a magnificent and diverse legacy of individuals, institutions, research and example. 
Awards and honours
